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I (54) TiOe: NEW OUGGMERIC CONJUGATES UABLE TO TRANSFER BIOLOGICAL MOLECULES INTO CELLS 
(57) Abstract 

The invention relates to a positively charged oligomcric conjugate, containing an oligcmicr witti a polymerization degree (PD) from 5 
to 50 prefwably 10 to 40 and more preferably 20. fonned from monomeric components having free NHa* in a number equal to or higher 
I dian SO % of the polymwization degree, fa particular, the invention provides new oligomcric conjugates of histidylated oligolysine liable 
to allow the transfer of oligonucleotides, peptides and oligosides into cells. 
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NEW OLIGOMERIC CONJUGATES LIABLE TO TRANSFER 
BIOLOGICAL MOLECULES INTO CELLS 



The invention relates to new oligomeric conjugates liable to favor the transfer 
of biological molecules sudi as oligonucleotides, pq>tides and oligosides mto cells. 

The introduction of such molecules into cells is of great flienq)ratical 
interest. 

Antisense oligonucleotides (ODN) and tnplex forming oligonucleotides 
(TFO) are exanq)les of attractive putative drugs in mhibiting or regulating gene 
e;q>ression in tumor cells and virus-infected cells. 

Peptides from tumors and viruses are also attractive molecules in s timulating 
or elicitating a cell defense involving cytotoxic T lymphocytes against tumor and 
viruses-after— presentation~by-antigen-presenting-Gells(APCs)-su^ 
cells, macrophages and B cells. 

But to be effective these molecules must reach their target m the right 
intracellular compartments which are either the cytosol or tibe nucleus. 

Until now, studies of the intracellular location of oligonucleotides point out 
that in the majori^ of cells, most of the oligonucleotides are confined inside 
vesicles once takm up and only a small amount succeeds m readiing their RNA 
and DNA targets in the cytosol and in the cell nucleus. 

Because once in the cytosol, the oligonucleotides penetrate rapidly into the 
nucleus, the enhancement of the delivery of oligonucleotides intp the qrtosol upon 
cell uptake, is expected to increase their biological activity. 

Oligonucleotide encapsulation into liposomes in^eases dieir delivery into die 
cytosol but efficiency is drastically reduced in the presence of serum. 

Antigenic peptides can bind to MHC Class I molecules and be presented at 
die cell surface of APCs, upon dieir processing via proteasomes located in die 
cytosol. 
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Usually, peptides are taken up by APCs inside vesicles and delivered to 
lysosomes where they are either degraded or processed for an MHC Class n 
molecules presentation. Restricted MHC Class I molecules presentation by APCs 
req^iires that peptides must be introduced into Ae ^tosoL 

In Fr»ch Patent n"" 9613990 and FCT/FR97/Q2Q22, it has been shown that 
histidylated polylysme con^lexed widi a nucleic acid is a systrai for cell 
transfection. The nucleic acid has a 10^ to 10^ of molecular weight. Polylysme is 
subsftituted at least 10% advantageously firom 15% to 33% with molecules inducing 
membrane destabilization at acidic pH (mainly histidyl residues), and polylysme 
has a degree of polymerization of 15 to 900, particularly 200. 

However, further studies have shown that the above-mentioned conq)lex, 
whidi allows the transfection of cells by DNA, does not allow the transfer of an 
ODN (oligonucleotide). 

One aim of the invention is to provide new positivly charged oligomeric 
conjugates enabling the transmembrane passage of water soluble oligomers siidi as 
~ oUgonucleotides7pq'tides and oligosides mto ihe'^tosoL 

An oAer aim of the invoition is to provide new oligomeric conjugates of 
substituted oligolysine liable to allow the transfer of oligonucleotides, peptides and 
oligosides into cells. 

One advantage of the mvention is that the formation of a conq>lex between 
new oligomeric conjugates and oligoanions such as oligonucleotides, anionic 
peptides or anionic oligosides, is not required to allow their transfer into die 
qrtosol and/or the cell nucleus. 

Another advantage of the invention is that, although it is not excluded, the 
transfer of oligoanions sudi as oligonucleotides, anionic peptides, anionic 
oligosides (i.e. sulphated, phosphorylated, succii^lated or sialytaded oligosides) or 
a mixture thereof, does not requke the formation of electrostatic complexes with 
the new positively charged oligomeric conjugates. 

Another aim of the mvention is to provide an in yntro^ ex vivo and in vivo 
transfer process. 

Another aim of the invention is to provide defined oligmoic conq)ounds in 
which the nature of the monomeric compounds can be different from eadi other. 
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This has been achieved through the iavention. 

The mveiition, m one of its most general definitions, concerns a positively 
charged oligomeric conjugate containing an oligomer with a polymerization degree 
(PD) from 5 to 50, preferably 10 to 40 and more preferably 20, formed from 
monomeric conqK>nents having free NHa"^ in a number equal to or higji^ than 50 
% of the polymerization degree. 

said oligomer being as follows : 

- die free NH3''' of the above-mentioned conqxments are substituted in a 
ratio of at least SO %. advantageously from 60 % to 95 %, particularly 80 to 90 % 
(this ratio being determined by nuclear magnetic resonance), by protonable 
residues in a weak acid medium, leading in such weak acid medium to a 
destabilization of cellular membranes, 

- the above-mentioned protonable residues possess in addition the following 
properties : 

tfa^ contain a functional groiq> oiabling them to be linked to 
"theabove-mentioned'^oligomer, 

th^ do not correspond to a recognition signal recognized by a 
cellular membrane receptor, 

they can comprise at least one free NHs"** groiq>, 

- the free NH3''' of tiie above-mentioned monomm can be also substituted 
by an uncharged residue leading to a reduction of the nuniber of positive charges in 
comparison to the same oligomeric conjugate, before substitution, 

- molecules constituting a recognition signal recognized by a membrane 
cellular receptor may be present : 

either by substitution of some of the free of the above- 
mentioned monomers, 

either on some of the uncharged residues leading to a reduction 
of the number of charges, 

either on some of the above-mentioned protonable residues 
leadmg to a destabilization of die cellular membranes. 
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or by substitution of the free NR^^ {if it is present) of tiie 
above-mentioned protonable residues leading to a destabilization of the ceUular 
membrane, 

provided that : 

1) the total nmnbo: of the non substituted NHj'^ is of at least SO % of die 
polymerization degree, 

2) fh^ nuniber of monomers initially carrying free NH3''' is substituted in a 
ratio of at least SO % of the polymerization degree by residues leadmg to a 
destabilization of the cellular membrane. 

As it will result from the following, the first proviso conesponds to m ^ i/2 
and die second proviso corresponds to u ^ i/2. 

Said oligomeric conjugate of the invention leads to the destabilization of die 
membranes and allows the transfer of the above-mentioned biomolecules in die 
cytosol and/or the nucleus of the cells. 

According to a quite unexpected effect, the oligcnneric conjugates of die 
==uwrafiOTPlUow=tte5^lrm5^^ 
allowing die transfection of cells by DNA. 

The originality of the invention lies in the &ct that the oligoma of die 
invention must be substituted to a level of more than SO % with molecules mducing 
a membrane destabilization at acidic pH (amongst such molecules are histidyl 
residues) because oligomeric conjugates substituted at a level lower than SO % are 
cytotoxic (see table 1, hereafter). Moreover, the toxicity of oligomeric conjugates 
substituted at a level lower than SO % increases with the number of free NHs*^ of 
the unsubstituted lysyl residues. 

For instance, for a oligomer of lysine of DP of 20 and carrying histidyl 
residues leading to die destabilization of the membranes, die above-said conditions . 
can be expressed as follows : 

- diere must be at least 10 free NHa'^, whidi come from die a-NHa'*' and/or 8 

- there are at least 10 histidyl residues, and even up to 20 histidyl residues 
carried by the side chain of the lysine residues which means, in the latter case, diat 
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the minimum amount of free NHa^ required, i.e. "at least" 10 free NHs"^ come 
only from the a-NHs'*' functions of the histidyl residues. 

The destabilization of membranes means a modification of membranes which 
leads either to the increase of then: permeability with respect to low molecular 
weight (and possibly high molecular weight) molecules in solution, or the fusion 
with another menibrane. 

The membrane permeability can be measured as follows : 

Cells are incubated at ST^'C for 30 mm m DMEM medium without serum m 
the presence of 0.5 mg/ml fluorescein-labelled dextran (Mw 4000) and in the 
absence or in the presence of an oligomeric conjugate. Cells are then washed and 
incubated for 30 mm at 37*'C in culture medhnn containing 10% serum. Cells are 
fixed for S min in PBS containing 4 % paraformaldehyde and the cell fluorescence 
localization is analysed under a fluorescent confbcal microscope. 

The fusion of membrane can be measured as follows : 
-^Hie-fusion-of-r 



Struck et al.. (Use of resonance energy transfer to membrane fusion. 1981 
BiochCTiistry 20: 4093-4099). 

Dioleoylphosphatidylcholine (DOPQ Iqxisomes containing N-(7-nitrobeDZ-2- 
oxa-l,3-diazol-4-yl)-l,2Klihe}cadecanoyl-sn-glycero-3»phosphoed^^ (NED- 

and octtadecylrhodamme (R18) as fluorescent energy transfer donor and 
acceptor lipid probes, respectively, are mixed widi non fluorescent liposomes and 
incubated in the absence or in the presence of oligomeric conjugates at various pH. 
Membrane fusion is evidenced by a decrease of the rhodamine fluorescence 
emission at 585 nm upon excitation at 470 nm, as a consequence of a decrease of 
the resonance energy transfisr between NED and rhodamine when the aveiage 
spatial separation induced by membrane fusion increases. 

The residues accounting for the destabilization of cellular membranes act 
through their property of being protonable in a weak acid mfldhirn. 

The ei^ression "weak acid medium" designates a medium the pH of which is 
lower dian that of plasma or sefum, Le. a pH lower than 7.4. 
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Said medium can be either the extraceilular medium or the lumen of 
intracellular conq>artments such as endosomes or lysosomes. 
Said medium can be naturally acid or be acidified. 

By way of example, the pH of said medium can be in the range of about S to 
about 7, in particular 5.5 to 6.5. 

Transfer of the above-mentioned biomolecules into ttie cytosol and/or the cell 
nucleus, requires that both the oligomeric conjugate leading to tbt membrane 
destabilization and the above-mentioned biomolecules are present in the said 
medium. 

In the present mvention, the oligomeric conjugates and the above-mentioned 
biomolecules can be fi:ee or conq>lexed. 

Said positively charged oligomeric conjugate of the invention is liable to form 
a conQ)lex with at least one negatively charged oligoanion, the association between 
the oligoanion and tiie oligomeric conjugate being electrostatic in nature. 

The e:q>ression according to which the protonable residues do not correspond 
-to-a-recognition^ignal-recognized-by-a-ceUular=memb^^ 
these residues are not used as ligands. 

A molecule or a molecular conq)lex is active as a recognition signal when it 
can be selectively recognized by a recqptor, that is to say plays the role of a ligand, 
of an agonist, or of an antagonist By recognition signal recognized by a cellular 
membrane receptor, one designates a ligand (molecule or molecular conq>lexes) 
liable to be selectively recognized by said recqrtor. 

According to an advantageous embodunent, die invention relates to a 
oligomeric conjugate, wherein the protonable residues leading to a destabilization 
of cellular membranes, present the additional properties : 

- they are weak bases, the pK of which in aqueous medium is lower than 8, 
so that a proportion higher dian 50 % of these bases linked to a cationic oligomer 
is not protonated at pH 7.4. 

According to another advantageous mbodiment, m the oligomeric conjugate 
of the invention, die protonable residues leading to a destabilization of cellular 
membranes, present the additional properties : 

- diey belong to the groiQ) of conq>ounds comprismg an unidazole ri^ 
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- fliey belong to ibe group of quinolins, 

- they belong to the group of pterins, 

- they belong to the group of pyridins. 

Anexan^le of quinolin is represented by the following formulae 



CHS 
I 

NH-CH-(CH,)3-:NH COR 




whoein R = (CH2)nC02H, in whidi n varies from 1 to 10. preferably from 



15 lto3. 



Another exanyle of quinolin is ; 



20 




(3-qiiinoline carboj^lic add) 



25 



An example of pterin is represented by die following formula : 



30 




.< ^Q^ -COOH 



(pteroic add) 
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Examples of pyridios are rq)reseiited by the following fbmmlae : 



(nicotinic acid) (quinolinic add) 

According to an advantageous embodiment, in ttie oligomeric conjugate of 
the invention, the protonable residues leading to a destabilizadon of the cellular 
membranes are : 

- all^limidazoles in which the alkyl radical conqxrises from 1 to 10, 
particularly from 2 to 6 carbon atoms, and in which only one of the nitrogen atoms 
of the imidazole ring is substituted. 

According to an advantageous embodiment, in the oligomeric conjugate of 
the invention, the protonable residues leading to a destabilization of cellular 
membranes are chosen from : 
histidine, 4-carboxymethyl-imidazole, 

3-(l-methyl-mudazol-4yl)-alanine, 3-<3-methyl-mudazol-4yl)-alamne, 
2-carboxy-imidazole, histamine, 3-imidazol-4yl)-L-lactic acid, 
2-(l-niethyl-umdazol-4yl)ethylamiae, 2K3-m^l-lnnidazol-4yl)ethylamme, 
p-alanyl-histidine-(camosme), 7<Uoro-4(ainino-l-m^y]butylamino)-quuw 
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N^<7-cliloro4-qumolinyl)-l ,4-pentanediamiM 
8r(4-anuno-l-methylbutylammo)-6-methoxy-qu^ (primaquine), 
N^-<6-methoxy-8-quinolinyl)l,4-pentanediai^^ quininic acid, 
qumoline caiboxylic acid, pteroic acid, nicotinic acid, quinolinic add. 

According to another advantageous embodiment, the oligomeric conjugate of 
the iavention contains an oligomer of the following formula : 



' / \ ' 

(CH2)n / \ (CH2)n 

I / \ I 

R CH COj (CH2)ai (CH2)bi 1 NH CH CQi 

(CH2)ai (CIl2)bi {nH CH CO/ (CEiiai (CI]2)bi 

wherein 

*ai is an mteger varying from 0 to 10, 
bi is an integer varying from 0 to 10, 

* i = degree ofpolymerization from S to 50, and particularly 10 to 40, 
and preferably 20, 

* n = is an integer varying from 1 to 6, and preferably 4, 

R represents m a ratio of SO % to 100 % (corresponding to a 

number u) 

-> NH-C0-(CH2)n*-CH-R' 

I 

(CH2)m 

I 

B or 

-> NH-C0-CH-(CH2)ii"-R' 
I 

(CH2)m 
I 

B or 
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NH-CO-(CH2)n'-CH-(CH2)n"-R' 
I 

(CHjym 



B 



10 



m is an integer varying firom 1 to 6, 

n' is an integer varying from 0 to 6, 

n" is an integer varying from 0 to 6, 

B is a weak base as defined above. 



15 



20 



25 



R' represents NHs"*^ (corresponding to a number p). 
or NH (corresponding to a numbor q) substituted by 
-CO-CH3 

-CO-(CHOH)rH r being from 1 to 15 preferably 

2to7 

-C0-(CH2)s-(CH0H)rH r being from 1 to 15 preferably 

1 to 7 and s being from 1 to 6 
pr^Eiabty4 




O 



-C0-CH2- 
-SOj-Fltt 
-CO-Fhi 
-CS-NH-Ru 

Flu being a fluorescent molecule 



30 



*Rrq)resentsinaratioofO % to 50 % (correspondingtof : 0<f:Stt) 

- NHs*** (corresponding to a nudberj), 

- NH(corre^ondingtoanniiiberk), substituted by 
-CO-CH3 

-CO-(CH0H)rH r being from 1 to 15 preferably 

lto7 
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-CO-(CH2)s-(CHOH)rH r being fiom 1 to 15 preferably 

1 to 7 and s being from 1 to 6 

. preferably 4 

^0-CH2 — / O \— OH 

-SOrHu 

-CO-Flu 

-CS-NH-Hu 

Flu being a fluorescent molecule 

- H (corresponding to a numb» h) 

- (CH2) nH, n being an integer from 1 to 6 (corresponding 
to a number h) 

- (CH2) n«OH n being an integer from 1 to 6 (corresponding 



to a number h) 

. (CH2) n-SA' A' =H , CHaor S 




n being integ^ from 1 to 6 (corre^onding to a number h) 

with .i = u + j+ k + h 

. total nunober of a NH3'*' - p - u-q 

. total number of (d NHa"*' j = f-(k + h) 

. total number of = m p +j + 1 

with the proviso that : 

1) u ^i/2 

2) m2:i/2 



According to another advantageous mbodiment, the oligomeric conjugate of 
the invention contains an oligomer of the following formula : 
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CO I CH^ 
R-CH^ TnH^ CO 



NH CO2 
CH 



(CH2)n \ /i-2 (CH2)n 

I 



R \ /' R 



wherein 



* i = degree of polymerizadon bom S to SO, and particularly 10 to 
40. and preferably 20, 

* n = is an integer varying from 1 to 6, and preferably 4, 

* R represents in a ratio of 50 % to 100 % (corresponding to u) 

-» NH-CO-(CH2)n'-CH-R' 

I 

(CH2)m 
I 

B or 

NH-CO-CH-(CH2)n"-R' 
I 

(CH2)m 
I 

B or 

NH-CO-(CH2)n'-CH-(CH2)n"-R' 

I 

(CH2)iii 
I 

B 

m is an integer varying from 1 to 6, 
n' is an integer varying from 0 to 6, 
n" is an integer varying from 0 to 6, 
B is a weak base as defined above. 
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15 



R' represents NHa'*^ (corresponding to a number p) , 
or NH (corresponding to a number q) substituted by 
-CO-CH3 

-CXHCHOI^rH r being firom 1 to IS prefierably 

lto7 

-C0-(CH2)s-(CH0H)rH r bong from 1 to IS prefmbly 

1 to 7 and s being from 1 to 6 
and preferably 4 

-CO-CH2 — ^"qV -oh 

-CO-Flu 
-CS-NH-Hu 

Flu being a fluorescent molecule 



20 



25 



30 



* R represents in a ratio of 0 % to 50 % (corresponding to f: 0 <f^l) 

- NH3''' (corresponding to a number j), 

- NH (corresponding to a number k). substituted by 
-CO-CH3 

-CO-(CHOH)rH r being from. 1 to 15 preferably 

lto7 

-C0-(CH2)s-(CH0H)rH r and s being from 1 to IS 

prefierably 1 to 7 and s being 
from 1 to 6 and preferabfy 4 



•H 




-CO-CHj- 

-co-Flu 
-CS-NH-Fhi 

Flu being a fluorescent molecule 
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- H (corresponding to a number h) 

- (CH2)oH, n being an integer from 1 to 6 (corresponding 
to a number h) 

- (CH2)o-OH n being an integer from 1 to 6 (corresponding 
to a number h) 

. (CH2)„-SA' A' =H.CH3or S 
n being integer from 1 to- 6 (corresponding to a number h) 

wifli .i = u+ j+ k + h 

. total number of a NHs"*' = p = u-q 

. total number of CD NH3'*' =j - f-Oc + h) 

. total nuniber of NHa"^ =m = p+j + 1 

widi the proviso that : 

1) u ^i/2 

2) m^i/2. 

According to another advantageous embodiment, tbe oligomeric conjugate of 
the invention contains an oligomer of the formula above defined, wherein 

i = 19 n = 4 (u) R= NH-CX)-(CH2)ii' -CH-(CH2)ii"-R' 

B 

wherein 
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(OR =NH*3 
U =12 
j =7 



n' = n" = 0 

R' = NH*3 

m = 1 

B = imidazole 

R = NH-CX)-CH- NH3* 
I 

CHj 



or 



i » 19 n = 4 



(u) R= NH-CCHCHa)!!' -CH-(CH2)ii"-R' 
(CH2)in 
B 



wherein 



(OR =NH*3 
u = 16 

j =3 



n' = n" = 0 

R' = NH*3 

m = 1 

B = imidazole 

R = NH-CO-CH-NH3* 
I 

CH2 



or 
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i » 19 n « 4 



(tt) R= NH-C0-(CH2)ii' -|CH-(CH2)n"-R' 
(CH2)iii 
B 



wherein 



(f) R = NH*3 
u = 19 
j =0 



n' = n" = 0 

R' = NH% 

m - 1 

B = imidazole 

R = NH-CO-CH- NHa* 
I 



or 



i = 19 n » 4 



(u) R= NH-CCKCH2)n' |CH-(CH2)ii"-R' 
(CH2)ni 
B 



wherein 



(f)R = CO-CH3 
u =11 
k «8 



n' = n"«0 

R' = NH+3 

m = 1 

B = imidazole 

R = NH-C(K3I- NH3* 

I 

CH2 
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or 



i = 19 n = 4 



a) R= NH-C0-(CH2)n' jCH-(CH2)n'-R' 
(CH2)m 
B 



wherein 



or 



(0 R = C0^3 
tt =15 
k =4 



i = 19 n = 4 



n' 
R' 
m 
B 
R 



= n" « 0 

= NH*3 

= 1 

s imidazole 

= NH-CO-CH-NH3* 
I 

CH2 



(u) R= NH-CCKCH2)n' ■jCH-(CH2)n"-R' 

(CH])!!! 

B 



wherein 



(OR =CO-(CHOH)rH 
r =5 
u = 12 
k =3 



n' = n" = 0 

R' = NH*3 

m « 1 

B = imidazole 

R = NH-CX)-CH-NH3* 



10 
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or 



i = 19 n = 4 



(u) R= NH^0-(CH2)n' ■jCH-(CH2)n"-R' 
(CH2)in 
B 



wharein 



(OR 
u 
f 
k 



= NH*3 
» 16 
-4 
- 3 



n' = n- = 0 

(q) K' = NH-CO-CH3 

m = 1 

B = imidazole 

R = NH-CCKM- NH-CO-CH3 
I 



10 



15 



An exaiiq>le of mixed oligoma is the following : 



R 

I 

(CH2)n 



\ 



NH /CH^ / CO^ ^(CH2)ai^ ^(CH2)bi^ 
/\ ^(CH2)ai (CH2)bi NH CH CO 

^ I 

(CH2)t 

i 

R' 



20 




^(dierein 
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n « 4 R' 

A' 
R 

t varies firom 1 to 6 

As an example, when^ in the above fonnula n = 4, ai = bi 0, t = 1, 
R* = H, the monomers are lysine and valine. 

The invention also relates to a conoposition containing a mbcture of at least 
one oligomeric conjugate as defined above, with at least one biological molecule, 
such as a peptide, an oligoside or an oligonucleotide derivative, or a mixture 
thereof. 

In the conq>osition of the invention, the oligomeric conjugates can be 
associated with a biological molecule, in particular an oligoanion, such as an 
oligonucleotide, an anionic peptide or an anionic oligoside, via electrostatic 
interactions. 

An anionic oligoside can be a sulfated oligoside, succinylated oligoside, 
phosphorylated oligoside, sialylated oligoside or an oligoside cont^ning 
pyruvilidenyl groiq>s. 

The invention also relate to a conlbined preparation containing as active 
substance the following individual conqxinents, m the form of a kit-of-parts : 

- at least an oligomeric conjugate as defined above, 

- at least one biological molecule, sudi as a peptide, an oligoside or an 
oligonucleotide, or a mixtur thereof. 



= H, CH3, CHCCHah. CH2,-CH(C3l3)2 
CH(CH3)-airCH3, CHjOH. 
CHOH- CH3, CH2-CHrS. CH3 
(CH2)nH. (CH2)n-OH, (CH2)n-SA* 



= H,CH3or S 




= NH-C0-(CH2)n' -CH-(CH2)n" -R" 
(CH2)m 
B 
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for the simultaneous, separate or sequential use. for the in vitro, the in vivo 
or the ex vivo transfer of said biological molecules into the cytosol and/or the cell 
nucl^. 

The invention also relates to a complex between at least one oligoanion 
can be an anionic pqytide, an anionic oligoside or an oligonucleotide or a mixture 
diereof , a mixture of at least one non negatively charged biological molecule and of 
at least one oligoanion, and at least one positively charged oligomeric conjugate as 
defined above, the association between the oligoanion and the oligomeric conjugate 
being electrostatic in nature. 

Accordmg to another advantageous embodiment, the biological molecule is 
chosen among oligonucleotides, peptides, oligosaccharides or a mixture thereof. 

An oligonucleotide used in the invention can be of the following formula : 




wherein i varies firom 10 to 30, X represents O or S, B is a nucleic base 
U, A, T, G, C or a modified form such as a biotinyl or fluorescent labelled base 
which can be in a or p anomeric position, Rl and R2 represent independently from 
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eadi other H, OH. (Ca^n-A, [(CH2) 2-O] n-CHa-CHz-A, A being H, OH, NH2. 
COOH, 



E represents H. OH, OCH3. OCH2CH3, OiCa^CH^, 0{CII^CR^, 
0(CH2)4CH3, 0-CH2-CH2-0<3l3 

As exaiDple of oligonuclotides, one may cite the following : 

GEM91 

phosphorothioate (X = S) oligonucleotide i = 25 
CTC TCG CAC CCA TCT CTC TCC TTC T 
conq)lementary to the AUG initation site of gag HIV-1 gene 

ISIS 1939 

phosphorothioate (X S) oligonucleotide i = 19 

CCC CCA CCA CTT CCC CTC T 

complementary to the 3' non coding region of ICAM-1 mRNA. 

A mixture of an oligonucleotide and a pqptide is defined as an 
oligonudeotlde linked to a pq>tide, and a mixture of an oligonucleotide and an 
oligoside is defined as an oligonucleotide luiked to an oligoside. 

A mixture of an oligoside and a peptide is defined as an oligoside Imked to a 
peptide. 

A mixture of an oligonucleotide and a peptide or a mixture of an 
oligonucleotide and an oligoside used m the invention can haye the following 
formulae: 




N 



, nbemg an mteger from 1 to 6» 
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Ri( 




wherein j varies frtnn 10 to 30, X represents O or S, B is a nucleic tnse 
U, A, T, G, C or a modified form sudi as a biotinyl or fluorescent labelled base 
which can be m a or p anomoic position, Rl and R2 represent independency from 
eadi other H, OH. (CH2)ii-A, [(CSIj) 2-O] d-CHt-CHz-A, A being H, OH, NH2, 
COOH. 




, n being an integ» from 1 to 6, 



or a peptide or an oligoside. 



E rqiresents H, OH, OCH3. OCH2CH3, 0(CH2)2CH3, 0(CH2)3CH3. 

0(CH2)4CH3. O-CH2-CH2-O-CH3 
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Whea Rl and/or R2 represent a peptide, the mixed oligoanion is a peptide- 
oligonucleotide, and when Rl and/or R2 represent an oligoside» the mixed 
oligoanion r^resents a glyco-oligonucleotide. 

An exan^le of oligonucleotide is a peptide nucleic add (PNA) represented by 
the following formnia : 



NHRi 




wherein - Rl and R2 represrat indqpendently from eadi other H, OH* 
(CH2)n-A, KCHj) 2-0] „-CHrCHr-A. A being H, OH. NHa, COOH, 
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, n being an integer from 1 to 6, 
- i is an integer varying from 10 to 30. 

In the composition of the invention, the oligonucleotide can be simple or 
double stranded, or can form a triplex (three strands) or a quadnqilex (4 strands). 

The invention also relates to tibie use of an oligomer conjugate as defined 
above, for the intracellular transfer of biological molecules into the c^tosol or/and 
into the cell nucleus in vitro, ex ^dvo or in vivo. 

The invention also relates to the use of an oligomeric conjugate as defined 
above or of a ccHi^sition as defined above, or of a combined preparation as 
defined above, for the intracellular in vitro^ ex vivo or in vivo transfer of a peptide, 
an oligoside or an oligonucleotide, or a mixture thereof, into the cytosol or/and in 
to the cell nucleus of cells. 

The invention also relates to the use of an oligomeric conjugate as defined 
above or of a conq>osition as defined above, or of a combined preparation as 
defined above, wherein the cells are chosen among muscular, qsidielial, 
endothelial, or myeloid cells such as monocytes, macrophages, fibroblasts, 
leukocytes and granuloqrtes, osteoblasts, as well as dendritic, stem, neuronal, or 
dermal cells. 

The invention also relates to a mediod for die in vivo, the m yntro or the ec 
vivo transfix of an oligonucleotide, wherein an oligonucleotide and an oligomeric 
conjugate as defined above, or of a conq)osition as defined above, or of a 
combmed preparation as defined above, are(is) contacted with a medium containing 
cells to be transferred, under conditions such that there is : 

- transfer of an antisense oligonucleotide in the cytosol and/or the cell 
nucleus where it binds and blocks the conq)lementary mRNA sequence, 

- transfer of an oligonucleotide as activator into die cytosol where it 
dq>resse8 or activates a second messenger in die cytosol, or die corresponding gene 
in d&e nucleus. 
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- transfier into the cytosoi and/or the cell nucleus of oligonucleotides 
coirespondmg to a rq)etitive bacterial type DNA sequence with stimulating or 
immunodepressive activity. 

The transfer of an antisense oligonucleotide in the q^sol where it binds to 
the complementary mRNA sequence and blocks its traduction leading to inhibition 
of the synthesis of the gene product, can be carried out as desoibed hereafter in 
tiie legends of Figures 1, 2 and 3. 

The invention also relates to a method for the in vivo^ the in vitro or the ex 
VIVO transfer of an oligonucleotide, wherein an oligonucleotide and an oligomeric 
conjugate as defined above, or of a conq)osition as defined above, or of a 
combined prq>aration as defined above, are(is) contacted wiA a medium containing 
cells to be transferred, under conditions sudi that there is : 

- transfer into flie cytosoi and/or the cell nucleus of RNA or DNA 
oligonucleotide acting as decoys which inhibit gene expression by blocking the 
binding of regulatory factors to the authentic DNA region such as short RNA 
oligonucleotides corresponding to the HIV-TAR sequence inhibiting HIV 
e7q[)ression and replication by blocking the binding of the HIV regulatory protein at . 
Tat to the TAR region, 

- transfer into the ^tosol and/or the cell nucleus of ribozymes (RNA 
oligonucleotides) which uihibit gene e7q)ression by cleavmg the mRNA. 

The transfer into the nucleus of an oligoniicleotide (triplex forming ODN, 
TFO) where it buids to target DNA at oligq>urine sites where th^ form a triple- 
helical structure, leadmg to the inhibition of the gene e3q)res8ion, can be processed 
as hereafter described. 

As an exanq)le of the specific TFO is an oligonucleotide 5'-A4GA4G^-3' 
directed against the polypurine track (PPT) in the NEF-HIV-1 gene. 

The transfer of the oligonucleotide as activator of the immune response can 
be carried out as follows : 

As an example the double strand RNA polyinosinio-polyc^dylic add 
(poly(I:C) for the increase of the tumoricidal activity of macrophages or for die 
stimulation of natural kill^ lynq)ho(^ (^toxicity. 
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The transfer of double stranded polynucleotide as activator of die iaaname 
response can be illustrated by the following : 

Polyinosimc-polycytidylic acid (poly(I:C)) is known to increase the 
tumoricidal activity of macrophages via a TNF-a mediated cytolysis. 

5 Thioglycolate^licited peritoneal macrophages (2.5 x 10^ are plated in 16 

mm diameter well multiwell plates in serum free, RPMI medium. Upon 2 h 
incubation at 37^C» non-adherent cells are discarded. Adherent cells are cultured in 
0.5 ml of serum free RPMI medium in the absence or the presence of polylrC and 
in the absence or die presmce of histidylated oligolysine. Culture siq)ematants are 

10 collected after 24 h incubation at 37^C. Before testing, supematants are rendered 

cell-free by centrifiigation at 2000 g for 10 minutes. The cytotoxic activity of 
macrophage culture supematants is determined by using L929 cells pretreated for 2 
h at ST'C with 2 fig/wl actinomycin D. Actinomycin D pretreated L929 cells are 
seeded in 96-wells microplates (4 x 10"* cells in 0.05 ml serum free RPMI medium 

IS per well). After 3-4 h at 37°C, diluted supematants from stimulated macrophages 

are added (0.05 ml) and the cells are incubated at ST'C for 18-20 h. Microplates 
are washed widi PBS and the percentage of cell lysis is determined after staining 
the cells with 0.05 ml of crystal violet (0.2% in 2 % ethanol). The plates are 
washed widi tap water and the dye is solubilized by adding 0.06 ml per well of 0.3 

20 % sodhun dodec^l sulfate. Absorbance of eadbi well is read at 570 nm. The % 

cytotoxicity is calculated according to (A^s - As)/An5 x 100 where Ans and As are 
the absorfoances of wells containing targ^ cells incubated with supernatant dilutions 
of non stimulated and stimulated macrophages, respectively. 

The invention also relates to a method for the in vivo, the in vitro or the ex 

25 vivo transfer of peptide, wherem a peptide and an oligomeric conjugate as defined 

above, or of a composition as defined above, or of a combined preparation as 
defined above, are(is) contacted with a medhim contaming cells to be transferred, 
under conditions such that there is a transfer of said peptide into the cytosoL 
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The transfer of a pq)tide can be illustrated by the following : 



wo 00/32764 



PCT/EP99/08980.. 



A) Cells are incubated for 4 h at SVC widi 1 ^iM fluorescein-labell^ 
peptide (F-S'-CGEEDTSEKDEL) in ttie absence or in the presence of histidylated 
oligolysine. Cells are fixed with 2 % of p-formaldehyde, washed and mn^^fitpd on 
slides in a PBS/glycerol mixture (1:1 v/v) containing 10 mg/ml DABCO (1,4 
diazobicyclo-(2,2,2)-octane) as andfading agent. Cells are analyzed with a 
confocal microscope imaging system (MRC-1Q24, Bio-Rad) equipped witfi a Nikon 
Optiphot qiifiuorescence mic^scope. 

B) Dendritic cells are incubated for 4 h at SVC with 1 /iM c-myc epitope 
peptide (SMEQKUSEEDLNFELDEA) in the absence or in ±e presence of 
histidylated oligolysme. Cells are fixed wiOi 2 % of p-formaldehyde in the 
presence of 0.5 % saponine, washed and then incubated for 1 h with anti c-myc 
epitope monoclonal antibody (9E10) in PBS containing containing 10 mg/ml BSA 
and 0.1% sq)onin. C^lls are washed and further incubated for 1 h in the presence 
of fluorescein-labelled anti-mouse IgG F(ab)' fragments in PBS containing 
containing 10 mg/ml BSA and 0.1% saponin. Cells are washed and mounted on 
slides in a PBS/glycerol mixture (1:1 y/v) containing 10 mg/ml DABCO (1,4 
diazobicyclo-(2,2,2)-octane) as antifadmg agent. Cells are analyzed with a 
confocal microscope unaging system (MRC-1024, Bio-Rad) equipped widi a Nikon 
Optq)hot epifluorescCTce microscope. 

The fixation of a pq)tide to intracellular cofiactor can be carried as described 
m die following exanq)le: 

An oligopq)tide corresponding to a prostate specific antigen (PSA) q)itope 
mixed to the oligomeric conjugate is transferred into the qrtoplasm of 
macrophages. 

The oligopeptide is fixed there to heat shock protein s (HSP90, HSP70) to 
form HSP-peptide complexes whidi are then re-expressed at the surface of 
macrophages. This complex formed with die HSP cofactor stimulate macrophages 
and enhance the immune response to the PSA antigra. 

The mvention also relates to a method for the in vivo, the in vitro or the er 
vivo transfer of peptide, wherein a peptide and an oligomeric conjugate as defined 
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above, or a composition as defined above, or a combined preparation as defined 
above, in particular wherein the peptide is an antigenic peptide, are(is) contacted 
with a medium containing cells to be transferred, under conditions such that there 
is a transfer of said antigenic pq)tide in the cytosol of antigen presenting cells 
(macrophages, dendritic cells and B cells) where they are processed in proteosomes 
in order to bind to MHCI molecules, allowing the presentation of the antigenic 
q>itope fixed on MHCI. 

In vitro evaluation of antigen presentation can be illustrated by die following: 
Dentritic cells were incubated for 4 h at 37^C widi the nonadecapeptide 
(185-203) from the C-terminal part of the HIV-1 Nef protein containing the 
nonapeptide (190-198) (AFHHVAREL) in die absence or in the presence of an 
histidylated oligolysine. Cells are washed and further incubated for 24 h at ST'C in 
the absence of peptide and histidylated oligolysine. MHC class I presentation of 
peptide antigen was evaluated by Cr^* cytotoxic assay by using a CTL clone 
sensible to the peptide. DCs were labelled with Cr^^ (target cells : T) and then 
incubated at SVC for 4 h in the presence of the CTL clone (effector cells : E) at 
E/T ratios ranged from 1 to 100. The supematants are collected and die 
radioactivi^ in the supernatant was recorded. The % of specific Ci^^ release is 
calculated according to (A^ - As)/An5 x 100 where Ans and As are the 
radioactivity in supernatant dilutions of dentritic cells incubated in the absence and 
the presence of CTL cells, respectively. 

The invention also relates to a method for die in vivo^ the in vitro or the er 
vivo transfer of a oligoside, wherein an oligoside and an oligomeric conjugate as 
defined above, or a composition as defined above, or a combined preparation as 
defined above, are(is) contacted with a medium containing cells to be transferred, 
under conditions such that there is a transfer of said oligoside into the (^tosol 
and/or the cell nucleus. 

An example of transfer of an oligoside can be illustrated by the following : 
Cells are incubated for 4 h at ST'C with O.S mg/ml fiuoresem-labelled 
dextrans (eidier Mw 4000 or Mw 70000) in die absence or in die presence of an 
oligomeric conjugate. Cells are washed with PBS, fixed with 2 % of p- 
formaldehyde, washed and mounted on slides in a FBS/glycerol mixture (1:1 v/v) 
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containing 10 mg/ml DABCO (1,4 diazobicyclo-(2,2,2)-octane) as antifariitig 
agent. Cells are analyzed with a confocal microscope imaging system (MRC-1024, 
Bio-Rad) equipped with a Nikon Optiphot epifluorescence microscope (Nikon, 
Tokyo. Japan) and a plan^o objective (numerical aperture L4). 

An example of transfer of a negatively charged oligoside can be illustrated by 
the following : 

Cells are incubated for 4 h at ST^'C widi O.S mg/ml fluoresein-Iabelled 
polyanionic dextrans (either Mw 3000 or Mw 70000) in the absence or in the 
presence of an oligomeric conjugate. Cells are washed widi PBS. fixed with 2 % of 
p-formaldehyde, washed and mounted on slides in a PBS/glycerol mixture (1:1 v/v) 
containing 10 mg/ml DABCO (1,4 diazobicyclo-(2,2,2)-octane) as antiiading 
agent. Cells are analyzed with a confocal microscope imflging system (MRC-1024, 
Bio-Rad) equipped with a Nikon Optiphot epifluorescence microscope (Nikon, 
Tokyo, Japan) and a planapo objective (numerical q)erture 1.4). 

The fixation of an oligoside to intracellular cofiactor can be carried as 
described in the following example: 

An oligoanion with silicated saccharidic components complexed according to 
the invention is transported into the (^oplasm of human cells where it binds to 
intracellular cofactors or secoiKl messengm sudi as NF kappa B. This binding 
causes nuclear transfer of the cofactor whidi derepress or stimulates genes coding 
for cytokines (sudi ILl, TNF-a, IL-12). 

This results in a marked stimulation of the human cell cultured in die 
presence of the complex. 

The invention also relates to a pharmaceutical composition, comprising as 
active substance at least an oligomeric conjugate as defined above, or a 
composition as defined above, or a combined preparation as defined above, or in 
association with a pharmacoitically accq)table vehide. 

The invention also relates to the use of an oligomeric conjugate as defined 
above, or of a composition as defined above, or of a combined preparation as 
defined above, or for the preparation of a drug for use in the treatment of cancer, 
inflammatory or immunology diseases, (sudi as graft rejection, allergy, auto- 
immunity) or infectious diseases. 
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The invention also relates to a kit or case containing : 

- an oligomeric conjugate as defined above, substituted by a protonable 
residue leading in a weak acid medium to a destabilization of cellular membranes, 
this oligomeric conjugate being able to conq)rise a recognition signal^ which is 
previously fixed or not on the above-said conjugate, said recognition signal being 
dq>endent upon die cell to target, 

- at least one biological molecule to transfer, 

- optionally reagents enabling the possible binding of the recognition signal 
on the above-said oligomeric conjugate, 

- optionally reagents enabling tfie formation of a composition as defined 
above, or of a combined preparation as defined above, 

- reagents enabling the transfer of the biological molecule in the cytosol 
and/or the cell nucleus. 

LEGEND OF THE FIGURES 

InhibithnqfludferasegeneapresshnbyGEM-PL 

Figure 1 shows tibe activity of an antisense phosphorothioate 

oBgonucleotide (PS-ODN) (CTC TCG CAC CCA TCT CTC TCC TTC T) 
complonentary to the AUG initiation site of gag HIV-1 gene. The effect of 
histidylated oligoly sines was evaluated by using pRET-Luc cells (a rabbit smooth 
muscle cell line). These cells produce endogenous luciferase under the control of 
the human phosphoglycerate kinase promoter and the luciferase gene sequence 
around the AUG codon was rq)laced by the initiator AUG codon and several 
downstream codons of gagHIV-1 gene. The results showed that the activity of 
GEM-91 (IC50 > S iiM) was mcreased more than 10 times m the presence of 20 
fiM HoK2 (IQo 0.2s /iM). Whilst, no significant inhibition was obtained in die 
presence of HoK3 in whidi the a-NH2 histidyl residues were acetylated, suggesting 
that mteracdons between ODN and histidylated oligolysines were mvolved. pRET- 
Luc cells, seeded onto 24-well plates (2 xlO' cells/well), were treated for 4 h at 
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37°C in DMEM supplemented with 2 % FBS containing various concentrations of 
GEM-91, ( ■ ) in the absence of histidylated oligolysine, ( ) in the presence of 
20 fM HoK2 or ( O ) in the presence of 20 /tM HoK3. HoK2 and HoK3 are 
histidylated oUgolysines prepared as described in the following text. Ttien, FBS 

5 was raised to 6 % and cells were further incubated for 18 h. Luciferase gene 

expression was measured by recording luminescence for 4 s. The percentage of 
luciferase inhibition was calculated by using , [(RLU^^^-RLU)/RLU] x 100 where 
RLU^^^ and RLU were the luciferase activity into cell lysates of cells incubated in 
the absence and in the presence of ODN, respectively. Results shown typical of 

10 experiments carried out in triplicate and repeated at least twice. Data are means ± 

standard deviation. 

Inhibition ofTNF-a induced ICAM-l expression by ISI 1939. 

Fi gure 2 shows the inhibitory effect of TNF-a induced ICAM-1 expression 

15 by ISIS 1939 (CCCCCACCACTTCCCCTCT), an antisense phosphorothioate 

oligonucleotide (PS-ODN) targeted to the 3' non-coding region of ICAM-1 
mRNA. The results showed that TNF-a induced ICAM-1 expression was inhibited 
by ISIS 1939 in ttie presence of 20 /xM of histidylated oligolysmes. HoK2 (IC50 of 
0.25 iM) appeared to be more efficient than HoKl GC50 of 0.5 fiM) probably 

20 because HoK2 bore less histidyl residues than HoKl (15 versus 12). The uihibition 

was very low in the absence of histidylated oUgolysines even up to 1 fiM ODN (20 
% inhibition). A549 cells (ATCC CCL 185, ATCC Rockville, MD) were plated 
onto 96-wells microtiter plates (10^ cells /well). The day after, culture medium was 
removed and cells were washed. Cells were incubated at 37*'C for 4 h in 100 fil 

25 DMEM serum-free medium containing ISIS 1939 ODN either in the absence ( ■ ) 

or in the presence of 20 fiM ( • ) HoKl or ( □ ) HoK2. HoK2 and HoK3 are 
histidylated oUgolysines prepared as described in the following text. One volume of 
fresh medium containing 10 ng/ml TNF-a was added and cells weie fiurdiar 
incubated for 18 h. ICAM-1 expression was quantified by EUSA usiqg anti- 

30 ICAM-1 antibodies. C:ells were washed 3 times with 200 ^1 of FBS and fixed for 

20 min at room ten:q>erature in PBS containing 20 mg/ml parafonnalddiyde. Tbesn, 
cells were incubated for 90 min at 37*'C with anti-ICAM 1 mouse antibody (Becton 
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Dickinson) diluted 20 tunes in PBS containing 20 mg/ml BSA. Cells were washed 
3 times with PBS and then incubated for 1 h at 3TC wifli an anti-mouse 
horseradish peroxydase conjugate (Becton Dickinson) diluted 2000 times in PBS 
containing 20 mg/ml BSA. After 3 whashes, the peroxydase activity was assessed 
by using 100 ^1 of o-phenylenediamine dihydrochloride peroxydase substrate tablet 
set (Sigma). After X min incubation at 37'*C, the reaction was stopped by arfHing 
25 III of 3 N H2SO4 and the absorbance read at 492 nm. All calculations were fnaHp 
relative to untreated controls in the absence or in the presence of TNF-a. The 
percentage of TNF-a-induced eiqnression of ICAM-1 was calculated as follows : 
[(Atnp^ - Ao) / (AiNFa-Ao)] X 100 where krm^ was die absorbance of 
ODN treated and c^tokme-indttced cells, Ao the absorbance of cells mcubated 
without ODN and TNF-a. and ArNmzdie absorbance of cytokine-induced cells 
incubated without ODN, Results shown are typical of experiments carried out in 
triplicate and rq)eated at least twice. Data are means ± standard deviation of the 
percentage of control ICAM-1 expression induced by TNF-a. 

Effect ofhistidylated polymers on the intracellular location qfPS-ODN. 

FigWC 3 shows that histidylated oligolysines induced cytosolic and nuclear 
delivery of ODN. A549 cells incubated for 4 h at 37'C with 0.125 f&M F-PSODN 
m the absence of histidylated oligolysme exhibited a ftunt vesicular staining 
(Fig 3-a). In die presence of either HoKl (Fig 3-b) or HoK2 (Fig 3-c). die 
fluorescent staining was more intense in a g reeme nt widi the flow ^tomedy 
analysis. HoK2 and HoK3 are histidylated oligolysines prepared as described in the 
following text. In addition, the vesicles appeared biggo* and the cytosol and die 
nucleus were also labelled while vesicles were smaller and neither the cytosol and 
the nuclear were staining in the absence of histidylated oligolysine (Fig 3-a). The 
cytosolic and nuclear staining was greater m die presence of HoK2 dian in the 
presence of HoKl, probably because HoK2 contained more histidyl residues dian 
HoKl (IS versus 12). In contrast, the cell associated fluorescence was low in die 
presCTce of HoK3 suggesting diat interactions between ODN and HoKl and HoK2 
might &vor die ODN uptake (Fig 3-c). Unsubstituted oligolysine had no effect on 
die ODN uptake and ODN accumulation (Fig 3-d). A549 cells (ATCC (XL 185, 
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ATCC Rockville. MD) were seeded onto sterile coveislqe in 20-min wells 
(2 X 10* cells/ well) and allowed to adhere. Cells were incubated in the presence of 
0.125 A*M fluoresoein-labelled PS-ODN for 4 h at 3TC (a) in the absence or in 
the presence of 20 fiU (b) HoKl. (c) HoK2, (d) HoKS or (e) Plk (Oligolysine 
containing 19 lysyl residues and non substituted by hisditine used as control). Cells 
were fixed with 2 % of p-formaldehyde, washed and niounted on slides in a 
PBS/glycerol mixture (1:1 v/v) containing 10 mg/ml DABCO (1.4 diazobii^do- 
(2.2,2)-octane) as antifading agent. C:ells were analyzed witfi a confocal 
microscope hnaging system (MRC-1024. Bio-Rad) equipped with a Nikon Optiphot 
epifluorescence microscope (Niton, Tolgro, Jqnn) and a plam^ objective 
(nummcal q)ETture 1.4). 

EXAMTLES 

Preparation qfhistidylated oligofysines : 

Oligolysine (Poly-L-lysine, HBr ; average molecular weight of 3950 ; 
average degree of polymerization of 19) (Bachem Femdiemikalien, BtOjendorf, 
Switzerland) (1 g in 200 ml H2O) was passed Orough an anion exchange cohmm 
(Dowex 2x8, 'OH form, 20-50 mesh) m order to letnove bromide ions. The 
eluate was neutralized widi a 10 % /Moluene sulfonic add solution m water and 
freezed-dried. 

Examnle 1 : Preparation tifVIcK} 

Oligolysine /Moluene sulfonate salt (50 mg ; 8.6 /anol) in 2 ml 
dimetiiylsulfoxide (Aldrich, Strasbourg, France) m the presence of 
dusopropyiethylamine (50 /A ; 344 funol) (Aldrich) was reacted for 20 h at 20»C 
with (Boc)His(Boc)-OH (64 mg ; 146 /anol) (Novabiodiem. Bad Soden, (Sermany) 
m the presence of benzotriazol-l-ylH)]i7-tris-<dun^]ainiiio) phosphonium 
hexafluorophosphate (BOP) (RldieUeu Biotechnologies, Saint Hyadnthe. Canada) 
(159mg ; 358 /miol). The residual e-amino groups of oligolysine was tfaea 
substituted widi glucom^l residues (GIcA) : 5-ghiconolactoi» (86mg ; 48 fonol) 
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(Aldrich) and diisopropylefliylainine (134 /il ; 921 /unci) were added aiid the 
solution was stirred for 20h at 20*^0. The iV-protectiDg Boc groups were removed 
by acidic treatment by adding 10 volumes of a H20/trifluoroac^c acid mixture 
(1:1 ; v/v) tor 24h at 20^C. Water and trifluoroacetic acid were rmioved under 
rediiced pressure. HoKl was precipitated by adding 10 volumes of isopropanol and 
spun down by centriiugation (ISOOg for IS min). The pellet was washed with 
isopropanol, collected by centriiugation (1800g for IS min), solubilized in distilled 
water and freezed-dried. The average number of histidyl residues bound per 
oligolysine molecule was determmed by ^H-NMR spectroscopy at 300 MHz in 
DjO according to : x = 6. (hg.? / h^yd • DP» where hg.? was the value of the 
integration of the signal at 8.7 ppm corresponding to the proton (IH C12) of 
histidyl residues, h^y, that in the range from 1.3 to 1.9 ppm corresponding to tixe 6 
methylene protons (C3, C4 and C5) of lysyl residues and DP the degree of 
polymerization of oligolysine. The number of histidyl residues bound p^ 
oligolysine molecule was 12. The average number of gluconoyl residues bound per 
oligolysine molecule was determined by ^H-NMR spectroscopy from : x = 3/2. 
(ho / hLys) • DP, where ho was the value of the integration in the range 3*6 
to 3.9 ppm of the 4 protons (IH Qo, IH Cn and 2H C12) of gluconoyl residues, 
hLystiiatintherangeof 1.3 to L9 ppmof the 6 methylene protons (C^Q and of 
t/syl residues and DP die degree of polymerization of pLK. The number of 
gluconoyl residues bound per oligolysiiie molecule was 3. The nuniber of free 
8-amino groiq>s per oligolysine molecule was 4. 

Example 2 : Preparation of HoK2 

Oligolysine p-toluene sulfonate salt (80 mg ; 13.7 /miol) in 3 ml 
dimethylsuUbxide in the presence of diisopropylethylamine (90 /d ; 620 fonol) was 
reacted for 6 h at 20^C with the N-hydroxysuccinimidyl derivative of 
(Boc)His(Boc)-OH (92 mg ; 204 ^unol) (Badiem Peinchemikalien). The residual 
e-ammo groiq)s of oligolysine was then acdylated (Ac) : acetic anhydride 
(13 id ; 109 fimol) (Aldridi) and diisopropylethylamine (S /d ; 3S ;anol) were 
added and die solution was stirred for 30 min at 20'*C. The N-protecting Boc 
groups were removed by addic treatment by adding 10 volumes of a 
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HiO/trifluoroacetic acid mixture (1:1; v/v) for 2 h at 20**C. Water and 
trifluoroacetic acid were removed under reduced pressure. HoK2 was precq)itated 
by adding 10 volumes of isopropanol and spun down by centrifugation (1800 g for 
15 min). The pellet was washed with isopropanol. collected by centrifugation 
(1800 g for 15 min). solubilized in distilled water and freezed-dried. The average 
numb^ of histidyl residues bound per oligolysine molecule was determmed by 
"H-NMR spectroscopy at 300 MHz in D2O according to : x = 6 . (^j I hLy,). 
DP, where hgj was the value of the integration of the signal at 8.7 ppm 
corresponding to the proton (IH C12) of histidyl residues, h^ys that in the range 
from 1.3 to 1.9 ppm corresponding to the 6 metfiylene protons (C3, C4 and C5) of 
lysyl residues and DP the degree of polymerization of oligolysine. The number of 
histidyl residues bound per oligolysine molecule was 15. The average number of 
acetyl residues bound per oligolysine molecule was determined by ^H-NMR 
spectroscopy from : x = (hA / htys). DP, where hA was the value of the integration 
at 2.04 ppm of the 3 protons of acetyl residues, htys Oat in the range of 1.3 to 
1.9 ppm of the 6 methylene protons (Ca. C4 and Q) of lysyl residues and DP the 
degree of polymerization of pLK. The number of acetyl residues bound per 
oligolysine molecule was 3. The number of free 8*aminp groups per 
oligolysinemoleculewas 1. 

Example 3 : Preparation of TlnlT^ 

Oligolysme /^-toluene sulfonate salt (85 mg ; 14,6 /miol) in 3 ml 
dimethylsulfoxide in the presence of diisopropylethylamine (80 ^1 ; 555 /imol) was 
reacted for 20 h at 20**C with N-acetyl-His-OH (288 mg ; 307 ^mol) (Sigma) in 
the presence of BOP (265 mg ; 597 ^ol). The residual e-amino groi4)s of 
oligolysine was then acetylated (Ac) with acetic anhydride for 30 min at 20'^C. 
HoK3 was precipitated by adding 10 volumes of isopropamil and spun down by 
centrifugation (1800 g for 15 min). The pellet was washed with isopropanol, 
collected by centrifogation (1800 g for 15 mm), solubilized m distilled water and 
freezed-dried. The average number of histidyl residues bound per oligolysine 
molecule was determined by ^H-NMR spectroscopy as describe The number of 
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histidyl residues bound per oligolysine molecule was 15. The number of free 
E-amino groups per oligolysine moledile was 1. 

Example 4 : Preparation of svnthons for synthesis of oHgnmeric coi^iptB^ 

R-NH-(CH2)ai-CH-(CH2)bi-COOH 
(CH2)n 

R'-NH-(CH2)n"-CH-(CHa)n*-C0-NH 
(CH2)m 
B 

wherein 

R and R' represent aminoprotecting groups, ai is an int^er varyin g from 0 to 
6, bi is an integer varying from 0 to 6, n is an integer varying from 1 to 6^ n' is 
an int^er varying from 0 to 6, n" is an intega varying from 0 to 6, m is an 
integer varying from 1 to 6. 

An example of synthon : the Lys(His) syndum 

vtbst&a 

ai =bi = 0 

n =4 

Rl = Fmoc 

n' = n"= 0 

m = 1 

R* =Boc 

B = (NBoc)Imidazole 
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The N-hydroxysureinimidyl derivative of (Boc)rHis-OH [(BocVHis-OSu] 
(Ig ; 2.2 mmol) is coupled to Fmoc-Lys-OH (722 mg ; 2.2 nmol) for 24 h at 
20**C in dilnetliylformaimde (ml). The Lys(His) synthon is precipitated with 
isopropacol, collected by centriiugation, washed with ether and dried under 
vaccum. The Lys(Hi5) synthon is purified by cristallization. 

RTflmple 5 ! 

Preparation of an histidylated oligolysme (HoIQ containmg 20 lysine residues 
and 20 histitfyl residues. 

A HoK containmg exacdy 20 lysyl residues and 20 histidyi residues can be 
entirely syntfai^ised by using the above Lys (His) synthon. Briefly, 20 Lys(His) 
synthon are successively assembled on a Applied Biosystems 433A synthesizer 
wifh conductimetric monitoring by using Fmoc-protected amino acids. Lys(His) 
synthons are coupled by the HBTU activation method. HoK aree cleaved from the 
resin and side chain protecting Boo groups are removed with a trifluoroacetic 
acis/water mixture (50% : 50% ; v/v) for 3 h at room temperature. Crude HoK is 
precipitated with isopropanol and collected by centriiugation. HoK is washed three 
tinies with isopropanol, resuspended in distilled water and freezed-dried. 

pyample 6 

Prq)aration of an oligomeric conjugate containing 17 lysyl residues 
substituted with 17 histidyi residues and 3 leacyl residues inserted any where m the 
lys (His) sequence 

Oligomers made of exactly 17 lysyl residues substituted with 17 histidyi 
residues and 3 leucyl residues insert anywhere in die Lys(His) sequence can be 
entirely synAetised by using the above Lys (His) synthon and Fmoc Leu on a 
Applied Biosystems 433A synthesizer with conductimetric monitoring by using 
Fmoc-protected amino acids. Lys(His) synthons and Leu were coupled by the 
HBTU activation method. Oligomers are cleaved from the resin and side chain 
protecting Boc groups are removed with a trifluoroacetic ads/water mixture (50% : 
50% ; v/v) for 3 h at room tenQ)erature. Oligomers are precipitated with 
isq>ropanoi and collected by centrifugatioh. Oligomers are washed three times widi 
isopropanol, resuspended in distilled water ai^ freezed-dried. 
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£sanQll£2 : Preparation of (K(His>-KL(His)-L>7 

An oligomer (K(His)-K(His)-L)7 can be entirely synthetised by using the 
above Lys (His) synthon and Fmoc Leu on a Applied Biosystems 433A synthesizer 
5 with conductimetric monitoring by using Fmoc-protec^ amino acids. Lys(His) 

synfhons and Leu are coupled by the HBTU activation method. The oligomer 
(K(His)-K(His)-L)7 is cleaved from the resin and side chain protecting Boc gjcoaps 
are removed with a trifluoroacetic acis/water nuxtore (50% : 50% ; v/v) for 3 h at 
room temperature. The polymer is precipitated with isopropanol and collected by 
10 centrifogation. The oligom^ is washed tibree times with isopropanol. resuspended 

in distilled water and fireezed-dried. 

Example 8 : Preparation of (K(His)-L-K(His))7 

A oligomer (K(His)-L-K(His))7 can be entirely synthetised by using the above 
Lys (His) synthon and Fmoc Leu on a Applied Biosystems 433A synthesizer with 

15 conductimetric monitoring by using Fmoc-protected amino acids. Lys(His) 

synthons and Leu are coupled by the HBTU activation method. The oligomer is 
cleaved from the resin and side chain protecting Boc groups are removed with a 
trifluoroacetic acis/water mixture (50% : 50% ; v/v) for 3 h at room tenq)eratuie. 
The oligomer is precq)itated with isopropanol and collected by centrifugation. The 

20 oligomer is washed three times with isopropanol, resuspended in distilled water 

and freezed-dried. 

Table I shows fbsA oligolysme having a DP of either 190, 72 or 36 
substituted with less that 45% of histtdyl residues, do not allow the transfer of 
25 small nucleic acid, particularly oligonucleotides. Indeed, it is necessary to Bdapt 

the size of histidylated oligolysines. Conversely, small histidylated oligolysines 
(DP of 36 or 19) substituted by more than 50% of histidyl residues do not allow 
efficient gene transfer by histidylated oligolysine/plasmid conq>lexes (Table I). In 
addition oligolysines substituted with less dian 50% histidyl residues are cytotoxic. 
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Table I : con^arative evaluation of gene transfer and oligonucleotide transfer 
by using histidylated polylysine. 



DP 


His(%) 


DNA 


ODN 


Cytotoxicity (%) 


190 


35 


100 


0 


24 


190 


45 


110 


0 


21 


72 


23 


87-96 


0 


24 












36 


22 


61-100 


0 


25 


36 


53 


0-10 


20 


4 


19 


25 


15-26 


0 


49 


19 


45 


9 


0 


40 


19 


60 


nd 


100 


26 


19 


80 


nd 


100 


0 


19 


100 


nd 


100 


0 



DP is the oligolysine degree of polymerization. DNA corresponds to 
transfection by using histidylated oligolysine/pCMVLUC. The transfection 
efficiency is scored on a 0 to 100 scale. The transfection efficiency is determined 
from the luciferase activity in cells measured by luminescence. ODN corresponds 
to cytosolic and nuclear transfer of fluorescein-labelled oligonucleotide in the 
presence of histidylated oligolysine, evaluated under confocal microsoope. 
CytotoxiciQr was evaluated by using the colorimetric MTT assay. 
(MTT = 3-<4,S-dimethylfhiazol-2-yl)-2,S-diphenyltetrazolium bromide) 
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CLAIMS 

1. Oligomeric conjugate positively charged, containing an oligomer with a 
polymerization degree (PD) from 5 to 50, preferably 10 to 40 and more preferably 
20, formed from monomeric components having free NR^'^ in a number equal to 
or higher than 50 % of the polymerization degree, 

said oligomer being as follows : 

- the free NHj*^ of the above-mentioned conq)bnents are substituted in a 
ratio of at least 50 %. advantageously from 60 % to 95 %, particularly 80 to 90 % 
(this ratio being determined by nuclear magnetic resonance), by protonable 
residues in a weak acid medium^ leading in such a weak acid m^tinm to a 
destabilization of cellular membranes, 

- the above-mentioned protonable residues possess in addition the following 
properties : 

they contain a functional group enabling them to be linked to the 
above-mentioned oligomer, 

they do not conespond to a recognition signal recognized by a 
cellular membrane recqptor, 

they can conqirise at least one free NHj"^ groiq), 

- the free NR^^ of the above-mentioned monomers can be also substituted 
by an uncharged residues leadmg to a reduction of the number of positive charges 
in conq>arison to flte same oligomeric before substitution, 

- molecules constituting a recognition signal recognized by a membrane 
cellular recqitor may be present : 

either by substitution of some of the free NHa"^ of the above- 
mentioned monomers, 

-> either on some of the uncharged residues leading to a reduction 
of the number of charges, 

-> either on some of the above-mentioned protonable residues 
leading to a destabilization of flie cellular rnembranes. 
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or by substitution of flie ftee NHs^ (if it is present) of ttie 
above-mentioned protonable residues leading to a destabilization of the cellular 
membrane, 

provided that : 

1) the total number of the non substituted NH3'*' functions is of at least 
SO % of the polymerization degree, 

2) flie number of monomers initially carrying free NHs"^ is substituted in a 
ratio of at least SO % of the polym^ization degree by residues leading to a 
destabilization of the cellular membrane. 

2. Oligomeric conjugate according to claim 1, wherein the protonable 
residues leading to a destabilization of cellular membranes, present the additional 
properties : 

- they are weak bases the pK of which in aqueous medium is lower than 8, 
so that a proportion higher than SO % of these bases linked to a cationic oligomer 
is not protonated in a neutral medium of pH 7.4. 

3. Oligomeric conjugate conq>lex according to claim 1, wherein die 
protonable residues leading to a destabilization of cellular membranes, present tiie 
additional properties: 

- they belong to the group of compounds comprising an imidazole ring, 

- tiiey belong to die groiq> of quinolins, 

- they belong to the group of pterins, 

- they belong to the groupe of pyridins. 

4. Oligomeric conjugate according to anyone of claims 1 to 3, wherein the 
protonable residues leading to a destabilization of the cellular membranes are : 

- alkylunidazoles in which the alkyl radical comprises from 1 to 10, 
particularly from 2 to 6 carbon atoms, and in which only one of the nitrogen atoms 
of the imidazole ring is substituted. 
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5. Oligomeric conjugate according to anyone of claims 1 to 4, wherein the 
protonable residues leading to a destabilization of cellular membranes are chosen 
from : 

histidine, 4-carboxymetfayl-imidazole, 
3-(l-metbyI-unidazol-4yl)-alanine, 3-(3-methyl-imidazol-4yl>-alanine, 
2-carbpxy-imidazole, histamine, 3-imidazol-4yl)«>Lrlactic add, 
2-(l-methyl-imidazol-4yl)ethylaminc, 2-(3-metyHunidazol-4yl)ethylamine, 
P-alanyl'histidine-(camosine), 7KAloro-4(anuno-l-niethyn)utylanuno)^quinol^ 
N^-<7-chloro-4-quinolinyl)-l ,4-pentanediamiiie, 
8-(4-aiiiino-l-methylbulylaniino)-6-methoxy-Kpinoline (primaquine), 
N^-(6-inethoxy-8-quinolinyl)l,4-pentanediamine, quininic acid, 
quinoline carbo^lic acid, pteroic acid, nicotinic add, quinoiinic acid. 

6. Oligomeric conjugate according to anyone of claims 1 to S, wherein the 
oligomeric conjugate contains an oligomer of the following formula : 



* n = is an mteger varying from 1 to 6, and preferably 4, 
* R represents in a ratio of SO % to 100 % (corresponding to a 

number u) 




wherem 



ai is an integer varying from 0 to 10, 
bi is an integer varying from 0 to 10, 
i = degree of polymerization from 5 to SO, and 



particularly 10 to 40, and preferably 20, 
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NH-C0-(CH2)n'-CH-R' 



(CH2)xn 



or 



NH-CO-CH-(CH2)n"-R* 



(CH2)m 



B 



or 



NH.CO-(CH2)n'-CH-(CH2)n"-R' 

I 

(CH2)m 
I 

B 



m is an integer varying from 1 to 6, 

n' is an integer varying from 0 to 6, 

n" is an integer varying from 0 to 6» 

B is a weak base as defined according to anyone of claims 2 to 4, 



R' represents NHa"*" (corresponding to a number p), 
or NH (corresponding to a nunber q) substituted by 



<:o-CH3 

-C(HCHOH)rH 



r being an inti^er from 1 to IS, 
and preferably 1 to 7 



^0-(CH2)s-(CH0H)rHr 



being an integer from 1 to IS, and 
preferably 1 to 7, and s being an 
integer from 1 to 6, and preferably 6 




-SOrFlu 



-CX)-Fhi 



-CS-NH-Fhi 



Flu being a fluorescent molecule 
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* R represents in a ratio of 0 % to SO % (corresponding to f : 0 < f ^u) 
• NHa^ (corresponding to a number j). 



- NH (corresponding to a number k), substituted by 
-CO-CH3 



<:o<H2— f o )— OH 
-SO2-HU 

^-NH-Flu 

Flu being a fluorescent molecule 

- H (corresponding to a number h) 

- (CH2) nH, n being an intego: from 1 to 6 
(corresponding to a number h) 

- (CH2) nrOH n being an integer from 1 to 6 
(corresponding to a number h) ^..^"^^ 



<»-(CHOH)rH 



r being an integer from 1 to 1S» 
and preferably 1 to 7 



-CX)-(CH2)s-(CH0H)rH 



r being an integer from 1 to lS,and 
preferably 1 to 7, and s being an 
integer from 1 to 6, and preferably 6 





(corresponding to a number h) 



n being integer from 1 to 6 



with 



• i = u+j + k + h 

. total number of a NH3* = p = u-q 

• total number of co NHa^ = j = f-(k + h) 

• total number of NHs*^ = m = p + j+1 
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with die proviso that : 

1) i/2 

2) m2:i/2 

7. Oligomeric conjugate according to ai^one of dains 1 to 6, wherein die 
oligomeric conjugate contains an oligomer of die following formula : 



10 



15 



R— CH 
I 

(CH2)n 
I 

R 



R 

I 

(CH2)n 
I 

NH CO 



NH ^C02 
CH 



(CH2)n 
I 

R 



20 



wherein 



25 



* i = degree of polymerization from 5 to SO, and particularly 10 to 
40, and preferably 20, 

* n = is an integer varying from 1 to 6, and preferably 4, 

*R represents in a ratio of SO % to 100 % (corresponding to u) 



30 



NH-C0-(CH2)n'-CH-R' 
I 

(CH2)m 

I 

B 



or 



35 



NH-C0-CH-(CH2)n"-R' 
I 

(CH3)m 
I 

B 



or 
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NH.CO-(CH2)n'.CH-(CH2)ii"-R 



(CH2)m 



B 



m is an integer varying from 1 to 6, 

n* is an integer varying from 0 to 6, 

n" is an integer varying from 0 to 6, 

B is a weak base as defined according to ai^one of claims 2 to 4, 

R' represents NH^^ (corresponding to a number p), 
or NH (corresponding to a number q) substituted by 



-CO-CH2-/ O V-OH 
-SO2-FIU 
-CO-Flu 
-CS-NH-Ru 

Flu being a fluorescent molecule 

♦ Rrepresents in a ratio of 0 % to 50 % (corresponding to f : 0 < f i 1) 

- NHa"^ (corresponding to a number j), 

- NH (corresponding to a number k)» substituted by 
-CO-CHa 

-CO-(CHOH)rH r being an integer from 1 to 15, 



-CO-CH3 
-CO-(CHOH)rH 



r being an integer from 1 to IS, 
and preferably 1 to 7 



<:0-(CH2)s^CH0H)rH 



r being an integer from 1 to IS, and 
preferably 1 to 7, and s being an 
integer from 1 to 6, and preferably 6 




and preferably 1 to 7 
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^<XCH2)s-(CH0H)rH 



r being an integer from 1 to 15, and 
prefeiabiy 1 to 7, and s being an 
integer from 1 to 6, and preferably 6 




-COCHj^ O VOH 

-CO-Hu 
-CS-NH-Fhi 

Hu being a fluorescent molecule 

- H (corresponding to a number h) 

- (CH^Ji^ n being an integer from 1 to 6 
(corresponding to a number h) 

- (CH2)n-OH n being an integer from 1 to 6 
(corresponding to a nuinber h) 




N 



(corresponding to a number h) 



n being integer from 1 to 6 



with 



. i«u+j+k+h 

. total number of a NH3'*' = p s u-q 

. totalnumberofoNHa"^ = j = + h) 

. total number of NHj"*" = m = p+ j + l 



with the proviso that : 

1) u^i/2 

2) m^i/2 



8. Oligomeric conjugate according to anyone of claims 1 to 7, whetein the 
oligomeric conjugate contains an oligomer of die formula according to claim 7, 
wherein 
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i = 19 n = 4 



or 



(OR =NH*3 
B =12 
j -7 

i » 19 n » 4 



(u)R= NH-C0-(CH2)n' |CH-(CH2)n"-R 

(CH2)o^ 
B 



n* = n" = p 

R' = NH*3 

m s 1 

B s imidazole 

R = NH-CO-CH- NHj* 
I 

CH2 



(u) R= NH-C0-(CH2)ii* |CH-(CH2)n"-R' 

(CH2)ni 
B 



(OR =NH*3 
u » 16 
j =3 



wherein 

n' = 11"= 0 

R' = NH*3 

m = 1 

B = imidazole 

R » NH-CX)-CH-NH3* 
I 

CH2 




wo 00/32764 



49 



PCT/EP99/08980 



or 

i = 19 n = 4 (u) R= NH-C(HCH2)ii' |-CH-(CH2)n"-R' 

(CH2)m 
B 

wherein 

n' = n" = 0 

R' = NH*3 

m = 1 

B = imidazole 

R = NH-CO-CH- NH3+ 

I 

(OR =NH*j ^2 



u =19 
j =0 



or 



i = 19 n«4 (u) R= NH-CO-(CHa)ii' ■jCH-(CH2)ii"-R' 

(CH2^ 
B 

whordn 

n' = n" - 0 

R' = NH*3 

m » 1 

B = imidazole 

R = NH-CX)-CH- NHj* 



(OR =C0-CH3 
u =11 
k =8 
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or 



i = 19 n = 4 



(OR =CX>-CH3 
u =15 
k =4 



(u) R= NH-CCHCHj)!!' |CH-(CH2)ii"-R' 

(CHj)!!! 

B 

wherem 

n' = n" = 0 

R' = NH*3 

m = 1 

B = imidazole 

R = NH-CO-CH- NH3* 

1 

CH2 



hi 



or 



i = 19 n = 4 



(OR =CO-(CHOH)rH 
r =5 
u =12 
k =3 



(u) R= NH-CO-(CH2)n' |CH-(CH2)n"-R' 

B 

wherein 

n" = n" = 0 

R' = NH*3 

m = 1 

B = imidazole 

R = NH-C6-CH-NH3* 

I 
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10 



or 

i = 19 n = 4 (u) R= NH-CCHCH2)ii' |-CHKCH2)n''-R' 

(CH2)Q^ 

wheiem 
(q) n* = n" = 20 
R' = NH-CO-CH3 
m = 1 
B = imidazole 
R = NH-CO-CH-NH-CO-CH3 

(f) R = NH"*"3 ^2 



u =16 
f =4 



k =3 I^.^^NH 



9. ConqK>sition containing at least one oligomeric conjugate accoiding to 
anyone of claims 1 to 8, in association with at least one biological molecule, sucb 
as a pqjtide, an oligoside or an oligonucleotide or a mixture thereof. 

10. Combined preparation containing as active substance the following 
mdividual co^^)oneDts, in the form of a kit-of-parts : 

- an oligomeric conjugate accordmg to anyone of claims 1 to 8, 

- at least one oligomeric conjugate according to anyone of claims 1 to 8, in 
association with at least one biological molecule, such as a peptide, an ol^oside or 
an oligonucleotide, or a mixture thereof, 

fox the simultaneous, separate or sequential use, for the in vitro, the in vivo 
or the ex vivo transfer of said biological molecules into the cytosol and/or cell 
nuclms. 
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11. Use of an oligomeric conjugate according to anyone of claims 1 to 8» for 
the in vitro, the ex vivo or the in vivo intracelhilar transfer of biological molecules 
into the cytosol and/or in the cell nucleus. 

12. Use of an oligomeric conjugate according to anyone of claims 1 to 8 or 
of a composition according to claim 9, or of a combined preparation according to 
claimlO, for the intracellular lbs in vitro, the ex viw or the in vivo transfer of a 
peptide, an oligoside or an oligonucleotide, or a mixture thereof, into the cytosol 
or/and in the cell nucleus. 

13. Use of an oligomeric conjugate according to anyone of claims 1 to 8 or 
of a composition according to claim 9, or of a combmed preparation according to 
claunlO, wherem the cells are chosen among muscular, epithelial, endothelial, 
myeloid cells such as monocytes, macrophages and fibroblasts, leukocytes and 
granulocytes, osteoblasts as well as dendritic cells, stem cells, neuronal cells, or 
dermal cells. 

14. Method for the in viw, the in vitro or the ec ww transfer of an 
oligonucleotide, wherein an oligonucleotide and an oligomeric conjugate according 
to anyone of claims 1 to 8 or of a conqiosition according to giaim 9, or of a 
combined preparation according to claimlO, are(is) contacted with a medmm 
containing cells to be transferred, under condidons such that there is : 

- transfer of an antisense oligonucleotide in the c^sol and/or the cell 
nudras where it binds and blocks the complementary mRNA sequence, 

- or transfer of an oligonucleotide as activator into the cytosol where it 
depresses or activates a second messenger in the cytosol, or the corresponding gene 
inthenuclras, 

. or transfer into die cytosol and/or the cell nucleus of oligonudeotides 
corresponding to a repetitive bacterial type DNA sequence mfh stimulating or 
immunodepressive activity, 
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- or transfiw of an oUgonucleotide in the ceU nucleos where it binds to DNA 
and fbims a triple helix leading to the inhibition of gene expression. 

- or transfer mto the qrtosol and/or tiie cell nucleus of RNA oUgonucleotide 
acting as decoys which inhibit gene expression by blocking the bmdmg of 
regulatory factors to the authentic DNA region. 

- or transfer into the qrtosol and/or the cell nucleus of ribozymes (RNA 
oligonucleotides) whi<di inhibit gens e}q>ression hy cleaving the mRNA. 

15. Mediod for die in vfw, the in ^ntro or die ex vfw transfo of peptide, 
wherem a peptide and an oligomeric conjugate acconUng to anyone of dahns 1 to 
8 or of a composition accordmg to daun 9, or of a conibmed preparation accoidmg 
to clahn 10. m particular wherem the pq)tide is an antigenic peptide, are(is) 
contacted wifli a medhun containmg cells to be transferred, under conditions such 
Aiat tiiere is a transfer of said antigenic peptide in tiie cytosol of antigen presenting 
cells (macrophages, dendritic cells and B cells) where they are processed m 
proteosomes in order to bind to MHCI molecules, allowmg the presentatim of the 
antigenic epitope fixed on MHCI. 

16. Metiiod for die CR vivo, die in vitro or die ec vivo transfer of an 
oligoside, vt^ierem an oligoside and an oligomeric conjugate accoidmg to anyone of 
clahns 1 to 8 or of a composition accordmg to daim 9, or of a combined 
prqaration accordmg to chum 10, are(is) contacted widi a medmm oontammg cdls 
to be transfiored, under conditions sudi dutt diere is a transfer of said oligoside 
into die cytosol wAlm the cell nucleus. 

17. Pharmaceutical conqwsition, comprismg as active substance at least ah 
oligomeric conjugate according to anyone of clauns 1 to 8. or of a composition 
accordmg to clann 9, or of a combmed preparation according to chdmlO, or in 
association with a pharmaceuticaUy acceptable vdiide. 
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18. Use of an oligomeric conjugate according to anyone of claims 1 to 8, or 
of a composition according to claim 9, or of a combined preparation according to 
claimlO, or for the preparation of a drug for use in the treatment of cancer, 
inflammatory or immunology diseases (such as graft rejection, allogy. auto- 
immunity) or infectious diseases. 

19. Kit or case containing : 

- an oUgomeric conjugate according to anyone of claims 1 to 8. substituted 
by a protonable residue leadmg in a weak acid medium to a destabilization of 
cellular membranes, this oligomeric conjugate being able to comprise a recognition 
signal, which is previously fixed or not on die above-said conjugate, said 
recognition signal being dependent i^n the cell to target, 

- at least one biological molecule to transfer, 

- optionally reagents enabling the possible bmdmg of die recognition signal 
on the above-said oligomeric conjugate. 

- optionally reagents enablmg die formation of a amqKMition according to 
claim 9, or of a combined preparaticm according to dahn 10, 

- reagoits enabling die transf» of die biological molecule in die qftosol 
and/or die oesll nucleus. 
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